SUMMARY The degree of vectorcardiographic ST-sgment elevation was employed as an index of myocardial ischemic injury in a study of 27 patients after acute myocardial infarction (AMI). The ST-segment vector magnitude (STVM) (STVM).9 This has allowed for multiple, serial, rapid determinations of STVM, and our previous studies have shown a good correlation between STVM and ZST obtained from 35 lead precordial maps (N = 51, r = 0.818). 10 We employed this VCG system in a study of patients with AMI in whom we followed serial changes in STVM to characterize what ST-segment alterations were associated with infarct resolution and extension as well as with death after AMI. Normal values for STVM were determined and changes due to pericarditis were examined. 
ST-segment vector magnitude (STVM) was derived from the continuously recorded modified Frank vectorcardiogram and was plotted serially by hours after onset of AMI. The STVM in normal subjects was 51.1 ± 7.1 j4V (mean ± SE). A standard deviation of the pooled variance of 15.2 1iV was obtained in a group of control patients and a change of more than 2 SD (> 30 IV) in an individual STVM was considered to be significant. The STVM progressively decreased in patients who survived without clinical complications while it remained elevated in those with congestive heart failure. A modest, sustained THERE HAS BEEN recent investigation of the electrocardiographic ST segment as a quantitative indicator of myocardial ischemic injury. Using multiple lead epicardial and precordial ST-segment mapping techniques, the sum of ST-segment elevations (2ST) has been employed as an estimate of the extent of myocardial ischemic injury after coronary occlusion in animals and after acute myocardial infarction (AMI) in man.'-' This technique has been used to characterize ST-segment changes in the first two days after AMI in man2 and employed serially once daily to estimate the frequency of the late infarct extension. 4 Analysis of the suggested significant new ischemic injury and were often premonitory to sudden death after AMI. The increases preceding death implied that not only ventricular ectopy but also lethal conduction abnormalities after AMI might be ischemia-related.
ST segment in the standard 12 lead electrocardiogram has shown a strong correlation between major elevation and numerous hemodynamic and arrhythmic complications after AMI7, 8 With each of these electrocardiographic methods data have been obtainable only intermittently, thus limiting the amount of ST-segment information available. Recently we have used a method for continuous recording of the modified Frank X, Y and Z vectorcardiographic (VCG) leads in order to analyze arrhythmias and the ST-segment vector magnitude (STVM).9 This has allowed for multiple, serial, rapid determinations of STVM, and our previous studies have shown a good correlation between STVM and ZST obtained from 35 lead precordial maps (N = 51, r = 0.818). 10 We employed this VCG system in a study of patients with AMI in whom we followed serial changes in STVM to characterize what ST-segment alterations were associated with infarct resolution and extension as well as with death after AMI. Normal values for STVM were determined and changes due to pericarditis were examined.
ST-SEGMENT VECTOR MAGNITUDE AFTER AMI/Kronenberg et al. For each patient STVM was plotted against time after onset of infarction, which was defined as the time of the chest pain which caused the patient to seek medical care. The hospital charts were reviewed, and timed notations of major symptoms, physical findings, and drug therapy were entered on the graphs.
In the nine patients with pericarditis, STVM changes before, during and after this event were examined. Pericarditis was defined by the occurrence of new, anterior pleuritic pain and the presence of a pericardial friction rub.
Eight-hourly changes in STVM after the onset of AMI were determined for the entire group of survivors. When pericarditis developed, the data of such patients were used until new ST-segment elevation with symptoms and signs of pericarditis occurred. Thereafter their data were excluded. 
Analysis of STVM Trends
The graphs of the 18 patients without pericarditis (13 alive, 5 dead) were examined to establish the importance of the general trend of STVM over the monitored course and the significance of frequent in-course STVM elevations. The subgroup of nine patients with pericarditis was excluded initially because of the independent influence pericarditis might exert on ST-segment elevation. Significant increases in STVM and the time over which they developed were correlated with survival or death after the increase. STVM determinations were discontinued if bundle branch block occurred. The VCG data and time after onset of AMI for each reading were entered onto punch cards, and a Xerox Sigma 3 computer was used to calculate STVM regression lines by the method of least squares.
The occurrence of congestive cardiac failure was correlated with the level of STVM when the 18 serial plots were arbitrarily divided into groups above and below 100 1V. Seventeen patients could be easily classified into these subgroups.
Data were evaluated by using analysis of variance, Chi square, the Fisher exact probability test, paired and unpaired t-tests, parallel regression, and stepwise discriminant analysis where appropriate.'1 12 
Results

Control Data
The mean STVM was 51.1 ± 7.1 ,V (mean ± SE) for the normal subjects.
The serial STVM readings for a group of patients without cardiac ischemia showed a standard deviation of the pooled variance of 15.2 uV, and this was very close to the precision of the manual-visual measuring system employed.
Thus, a change of more than 30 ,gV (2 standard deviations) was considered to be significant.
The postural data showed a mean maximal difference in STVM among the four positions tested of 23.5 ± 5.3 MAV; the range of values was 4-38 MV among 13 subjects, although a single patient showed a postural change of 82 MV.
No position was consistently associated with a greater STVM than the others. There was no significant difference between two observers measuring the same ST segments 20 msec as well as 60 msec after the end of the QRS.
Patients with Acute Myocardial Infarction
Twenty-one patients survived and six died during the monitoring period.
Among the 21 survivors, 14 showed a decrease or no change in STVM while seven had some increase in the final STVM compared to the initial values. Figure 1 displays the mean serial eight-hourly STVM of all survivors and of those patients initially without complication (Class I). For the entire group there was little change in the mean STVM over their monitored course, but when divided by clinical status on admission, patients without complication tended to have a progressive decline in STVM, returning to the normal range by 86 hours, while the STVM of survivors with congestive cardiac failure tended to remain above normal. The 11 patients without pericarditis who had serial tracings persistently above 100 MV had a greater incidence of congestive cardiac failure than did the six below that level (P = 0.03). 8 AV for survivors at an equal time after onset of AMI. Of the five preterminal slopes one was slow, two were moderately fast and two were very fast rises; they ranged from 0.1 to 24.7 hours in duration. Stepwise discriminant analysis disclosed that both the change in magnitude and the slope of the rises in STVM were important factors in classifying patients into alive or dead groups. A change in magnitude was more important than a change in slope, and the actual time required to inscribe the change was not significant. Slope added little to the predictive ability in this small group. Based upon these findings, an increase in STVM greater than 150 ,V was considered to be of predictive value for imminent death (F1,35 = 11.32, P<0.01). Using this criterion we evaluated the frequency of STVM fluctuations in the entire population, both with and without pericarditis. In spite of the general elevation of STVM due to pericarditis, there was no apparent difference in the frequency and extent of STVM fluctuations between those with and without this process. There were 12 major increases (> 150 pV). These occurred in only eight of 27 patients, and four of these eight died soon after the increases occurred. Conversely, only four of 21 survivors experienced major increases in STVM. These four patients had angina, evolving MI, pericarditis, and congestive cardiac failure, respectively. Eighty-three percent of all major increases were associated with clinical ischemic or fatal events.
The numerous smaller but significant fluctuations in STVM were not always correlated with significant clinical events.
Discussion
The serial STVM readings in the nonischemic subjects proved to be quite stable. However, two-thirds of the MI patients had one or more significant re-elevations of STVM during the monitored course, suggesting prolonged susceptibility to intermittent ischemia after AMI. The possibility of rather frequent, but sometimes subclinical, myocardial ischemia reflected by changes in precordial ST mapping has been mentioned in several reports.2 4, 6, 1 i Reid and his associates4 studied a group of 19 patients with AMI using daily precordial ST-segment maps and found that 12 of 14 patients with transmural infarction had late increases in XST; eight of these 12 patients (66%) had re-elevation of serum CPK as well, reflecting infarct extension. Reese and co-authors found wide variability in 2ST after AMI, and noted that re-elevations were not always associated with infarct extension. '3 Madias et al., 6 who studied 37 patients with AMI, found evidence for infarct extension in 18. One patient with subendocardial ischemia had a progressive increase in ST depression, evolved an anterior transmural MI and died in cardiogenic shock. This finding of progressive ischemic ST-segment change prior to major myocardial damage is similar to the results we report in this paper.
In the presence of persistent major ST-segment elevations in the 12 lead ECG after AMI, studies by Wilson and Pantridge7 and by Nielsen8 disclosed a significantly higher incidence of late ventricular dysrhythmia. Other studies have also shown an increase in ventricular extrasystoles after infarct extension14 and A-V block with ischemic ST-segment elevation.'5 Sutton and Davies"6 have correlated necrosis of the bundle branches with acute infarction of the interventricular septum. Alonso and associates"7 and James'8 have detected ischemic atrial damage in patients with MI having atrial arrhythmias.
In our patients who died, after major STVM rise two patients developed ventricular tachyarrhythmias, two had A-V block and bundle branch block, one had LAHB with perforation of the left ventricle, and one developed asystole. We postulate that the mechanism of sudden death in these patients may well have been further ischemic injury to the myocardium and the specialized conduction system. The preterminal increases in STVM may implicate further ischemic injury as the cause of such sudden deaths several days after AMI. Added support for this concept comes from clinical studies of patients without AMI which have also documented arrhythmias and conduction disorders in the presence of isehemic ST-segment changes. Gorfinkel and associates'9 described a patient who developed both ventricular tachycardia and left posterior hemiblock with ST-segment elevation. Similarly, Lasser and de la Paz'0 documented the occurrence of complete A-V block with ischemic ST-segment elevation of the Prinzmetal type.
In conclusion, the continuously recorded Frank VCG provided useful information about the ST segment after AMI. A major increase in the STVM was often an ominous sign in the small group studied. If confirmed in future studies, this parameter might allow an objective index of risk to be applied to a group of patients with AMI who, although seriously ill, could not be clinically predicted to be at imminent risk of sudden death. The potential exists for the development of an electrocardiographic warning system to detect these ST-segment alterations. 
